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ABSTRACT

We use JWST/NIRSpec observations of the radio galaxy 3C 293 to map the emission, extinction,

and kinematics of hot molecular and ionized gas, as well as stellar kinematics, within the inner ∼ 2 kpc.

The stellar velocity field is well described by a rotating disk model, with its kinematical center offset by

∼ 0.5 arcsec from the continuum peak. The hot molecular gas is traced by the H2 2.12µm emission line,

and the ionized gas by [Fe ii] 1.64µm and Paα. The gas presents three main kinematic components:

a rotating disk seen as a narrow component (σ ∼ 100 km s−1); a blueshifted broad outflow (σ ∼ 250

km s−1); and a fast ionized outflow as a very broad component (σ ∼ 640 km s−1). Extinction maps

reveal high AV values, up to ∼ 35, spatially coincident with dust lanes seen in optical images. In

addition to the disk and outflows components, inflows along the dust lanes are detected in H2 gas,

with a mass inflow rate of Ṁin ≃ 8 × 10−3 M⊙ yr−1, comparable to the AGN accretion rate. For the

outflows, we derive peak mass-outflow rates of 0.14±0.04 M⊙ yr−1 (molecular) and 5.5±1.44 M⊙ yr−1

(ionized). The outflow, driven by the radio jet, has a kinetic power of 4.5% of the jet power – enough

to suppress star formation. Our results highlight 3C 293’s turbulent post-merger history and JWST’s

unique capability to probe dust-obscured AGN.

Keywords: James Webb Space Telescope (2291), Active galaxies (17), Radio galaxies (1343), Galaxy

kinematics (602)

1. INTRODUCTION

Active Galactic Nuclei (AGN) play a crucial role in

shaping the evolution of their host galaxies by regulat-

ing star formation and influencing key properties such

as stellar mass and chemical enrichment (Harrison 2017;

Harrison & Ramos Almeida 2024). This interaction is

primarily driven by AGN feeding, the process in which

gas fuels the supermassive black hole (SMBH; Storchi-

Bergmann & Schnorr-Müller 2019), and AGN feedback,

which manifests through radiation, jets, and gas out-

flows (Kormendy & Ho 2013; Morganti 2017; Harrison

et al. 2018). The outflows can coexist in the same galaxy

as ionized, neutral atomic, and molecular gas, collec-

tively known as multiphase outflows (Cicone et al. 2018).

The outflows observed in the ionized gas (Tgas ∼
104 K) are usually traced by strong optical emission

lines, such as [O iii]λ5007, which may exhibit broadened

or asymmetric line profiles. In nearby AGNs, ionized

outflows are typically restricted to the inner few kilo-

parsecs of the galaxies (Revalski et al. 2018; Deconto-

Machado et al. 2019; Riffel et al. 2023b; Hermosa Muñoz

et al. 2024; Gatto et al. 2024). However, in more lumi-

nous AGNs, they can span the entire host galaxy or

even extend beyond it, reaching mass outflow rates of

∼ 1M⊙ yr−1 (Liu et al. 2013a,b; Carniani et al. 2015;

Dall’Agnol de Oliveira et al. 2021; Tozzi et al. 2024). In

contrast, the neutral atomic outflow (Tgas ∼ 102−3 K)

can be traced by the H i 21 cm and Na I Dλλ5890,5896

absorption lines. These outflows can be fast (> 103

km s−1) and are essential for gas cooling (Morganti et al.

2013, 2016; Rupke et al. 2021).

The majority of the total outflowing mass is likely

carried in the molecular gas phase. Molecular outflows

are typically denoted as hot, warm, or cold, depending

on the excitation temperature of the transitions used

to observe them. The hot molecular outflow compo-
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nent (Tgas ≳ 103 K) is observed in the NIR through ro-

vibrational H2 emission lines. This component is not

common and when detected, represents only a small

fraction of the outflow mass, with typical mass outflow

rates of only 10−5 to 10−2 M⊙ yr−1 measured for nearby

AGN (e.g. Riffel et al. 2015, 2021, 2023b; Bianchin et al.

2022; Ceci et al. 2025; Ulivi et al. 2025). The warm

molecular outflow (102 ≲ Tgas ≲ 103 K) is detected in

the mid-infrared (MIR) via rotational H2 emission lines

and can exhibit a mass outflow rate higher than that

of the ionized phase (Holden et al. 2023; Costa-Souza

et al. 2024). The cold molecular outflow (Tgas ∼ 102 K)

is observed in the far-infrared (FIR) and (sub)millimeter

wavelengths through OH, CO, and HCN transitions, for

instance. These outflows can be fast (> 600 km s−1)

and represent the dominant mass component of the out-

flow in powerful AGNs (Morganti et al. 2015; Veilleux

et al. 2020), whereas in nearby AGNs, they may ac-

count for only a small fraction of the total outflow mass

(de Oliveira et al. 2023).

Molecular hydrogen is typically associated with star

formation processes in galaxies (Omont 2007), however,

some galaxies exhibit an excess of H2 emission that can-

not be fully explained by the radiation from young stars

alone (Rodŕıguez-Ardila et al. 2004; Rodŕıguez-Ardila

et al. 2005; Zakamska 2010; Riffel et al. 2013a; Motter

et al. 2021). These galaxies show enhanced H2 line inten-

sities in their spectra relative to what is expected from

star-formation, suggesting the presence of additional ex-

citation mechanisms, such as shock heating from super-

novae or AGN outflows (Ogle et al. 2010; Lambrides

et al. 2019; Riffel et al. 2020; Ogle et al. 2025). Alterna-

tively, some studies also attribute this excess to merger

events (Ellison et al. 2015; Larson et al. 2016; Petric

et al. 2018).

The radio galaxy 3C 293 (UGC 8782) for instance,

is a nearby (z ≃ 0.0450; Sandage 1966) example of

the fore mentioned group. This galaxy hosts an AGN

classified as a Low Ionization Nuclear Emission Region

(LINER; Véron-Cetty & Véron 2006) and is considered

a restarted radio source, indicating that it has resumed

nuclear activity after a period of quiescence, with evi-

dence of multiple epochs of activity (Saripalli & Mack

2007; Joshi et al. 2011; Kukreti et al. 2022). The host

galaxy is classified both as spiral (Sandage 1966; de Vau-

couleurs et al. 1991) and dusty elliptical (Ebneter & Bal-

ick 1985; Tremblay et al. 1985), with its rich interstellar

medium (ISM) attributed to a merger event between an

elliptical and a spiral galaxy. This merger likely led to

the high concentration of molecular gas in the inner re-

gion, which may be fueling the AGN (Evans et al. 1999;

Floyd et al. 2006).

As a radio-loud source belonging to the Fanaroff-Riley

II (FR II) class (Fanaroff & Riley 1974; Liu & Zhang

2002), 3C 293 exhibits a double-double radio structure,

with inner radio lobes extending over ∼ 4 kpc (Machal-

ski et al. 2016). Observations reveal a complex outflow

system, including a neutral gas outflow driven by the

western radio jet’s interaction with the ISM (Morganti

et al. 2003), and an ionized outflow on the opposite side,

where shocks are generated also by jet-ISM interaction

(Emonts et al. 2005; Riffel et al. 2023a).

Additionally, Costa-Souza et al. (2024) detected a

warm molecular outflow using James Webb Space Tele-

scope (JWST) Medium Resolution Spectrometer (MRS)

of the Mid-InfraRed Instrument (MIRI). This warm out-

flow has a mass-outflow rate of one order of magnitude

larger than that of the ionized outflow, reaching a maxi-

mum outflow rate of 4.9±2.04 M⊙yr
−1 at ∼ 900 pc from

the nucleus, and a kinetic power of 1.26 × 1042 ergs−1,

being capable of expelling the warm molecular gas from

the inner region of the galaxy in ∼ 1Myr. Labiano

et al. (2014) conducted interferometric observations of

the 12CO(1−0) and 12CO(2−1) lines in search for a cold

molecular gas outflow. However, no signatures of such

an outflow were detected in this galaxy. Nevertheless,

the data revealed the presence of a large disk of cold

molecular gas, with regular circular rotation around the

nucleus (Labiano et al. 2014).

The excess of H2 emission in 3C 293 is probably pro-

duced by shocks, as suggested by multiple studies. Ogle

et al. (2010) argue that the radio jet can produce the

observed H2 emission by heating the ISM and generat-

ing shocks that propagate into molecular clouds, which

in turn excite the H2. This mechanism is further sup-

ported by Guillard et al. (2012), who found that the H2

emission cannot be explained only by stellar UV radi-

ation or AGN X-rays, but rather by the dissipation of

kinetic energy from the radio jet through shocks. Riffel

et al. (2025), using MIRI MRS observations of 3C 293,

also associate the excess of H2 with shock heating, likely

caused by the interaction of the radio jet with the ISM.

This interaction, co-spatial with the radio core, drives

both warm molecular and ionized outflows.

In this study, we use JWST Near-Infrared Spectro-

graph (NIRSpec) to complete our understanding of the

multiphase outflows in 3C 293. We investigate the dy-

namics of the ionized gas, traced by the [Fe ii] 1.64µm

and Paα emission lines, and hot molecular gas, traced by

the H2 2.12µm line, as well as the stellar component, in

the inner region of the galaxy. This paper is organized

as follows. Section 2 describes the observations, data

reduction procedures, and analysis methods. In Section

3, we present our main results, which are then discussed
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in Section 4. Finally, in Section 5 we summarized our

main conclusions.

2. DATA AND MEASUREMENTS

2.1. Observation and data reduction

The galaxy 3C293 is part of the Blowing Star Forma-

tion Away in AGN Hosts (BAH) project (Costa-Souza

et al. 2024; Riffel et al. 2025), which aims to inves-

tigate the molecular gas properties in the central re-

gions of nearby AGN hosts exhibiting strong H2 emission

line. The observations were conducted using JWST’s

NIRSpec (Jakobsen et al. 2022; Gardner et al. 2023;

Böker et al. 2023) in Integral Field Unit (IFU) mode

(Program ID: 1928; PI: Riffel, R. A.), employing the

G235H/F170LP grating-filter combination, which covers

a wavelength range of ∼ 1.66−3.17µm. This configura-

tion provides a resolving power of R ∼ 2700, which cor-

responds to an instrumental full width at half maximum

(FWHM) of 8.89 Å at λ = 2.4µm, or a instrumental

broadening of σinst ≃ 47 km s−1. A 6-point small-cycle

dither pattern was applied, with the NRSIRS2RAPID

readout mode, and an integration of 40 groups per ex-

posure. Additional exposures intended for leakage cor-

rection were acquired but covered only a single dither

position and used only to identify outliers. Any subtrac-

tion was performed during reduction due to the absence

of significant variations in final data.

Data processing was carried out using version 1.12.5

of the JWST Science Calibration Pipeline (Bushouse

et al. 2024), employing the jwst 1183.pmap reference

configuration and following the recommended reduction

steps. During the Detector1 stage, basic detector-level

corrections and slope fitting were applied. To mitigate

artifacts from hot pixels, we applied a custom flagging

routine inspired by Pontoppidan et al. (2022), which

detects outlier pixels based on their intensity and spa-

tial context. The cleaned rate files were then processed

through the Spec2 stage, with pixel replacement en-

abled. No pixel-level or master background subtraction

was performed due to the lack of dedicated background

exposures. To suppress inverse frequency noise (1/f),

we applied the NSClean algorithm (Rauscher 2024). In

the Spec3 stage, we adjusted outlier detection parame-

ters (kernel="1 11", threshold=99.5) and generated

combined data cubes from both detectors with 0.1 arc-

sec spaxels by setting output type="multi". The .crf

files produced in this step were used as input for a cus-

tom artifact rejection script, which flagged residual out-

liers by identifying spatial intensity contrast patterns.

A final run of the Spec3 stage was performed with these

updated masks, resulting in the rejection of approxi-

mately 1-2% of pixels.

Given the spatial undersampling inherent in NIR-

Spec IFU data, individual spaxel spectra often dis-

play low-amplitude oscillations known as “wiggles” (e.g.

Perna et al. 2023; Law et al. 2023). To alleviate this,

we employed a resolution-smoothing approach in which

each spaxel’s spectrum was replaced with a version de-

rived from the surrounding spectra, normalized to pre-

serve its continuum. This method, akin to applying a

wavelength-slice Gaussian blur, helps suppress wiggles

while maintaining flux conservation. While this tech-

nique can cause slight variations (typically 5-10%) in

the flux of emission lines, it significantly improves spec-

tral quality. Such “wiggle mitigating” step is essential

to obtain the stellar kinematics in the regions closer to

the nucleus of the galaxy.

Our final data cubes have a spatial resolution of∼ 0.13

arcsec at 2.4µm, as given by the FWHM of the JWST

Point Spread Function (PSF) (D’Eugenio et al. 2024).

At the distance of 3C 293, it corresponds to a physical

scale of ∼ 130 pc, assuming H0 = 67.8 km s−1 Mpc−1

and Ωmatter = 0.308.

2.2. Stellar kinematics

One approach to investigate the AGN’s influences on

the ISM is to determine whether the gas moves in the

same way as the stars and whether this motion can be

linked to the gravitational potential of the galaxy. This

can be done by mapping the stellar kinematics in the

inner region of the host galaxy. To achieve this, we used

the penalized pixel-fitting (ppxf) method (Cappellari

& Emsellem 2004; Cappellari 2017, 2023), which deter-

mines the best fit to a galaxy spectrum by convolving it

with stellar templates spectra. These templates are used

to reproduce the galaxy’s spectrum under the assump-

tion that the line of sight velocity distribution (LOSVD)
of the galaxy can be reproduced by a Gaussian function

or by Gauss-Hermitte series.

In our observations, the JWST detector gap falls

within the region of CO absorption bands at ∼ 2.3 µm,

which are typically prominent in nearby galaxies and

provide important constraints for measuring stellar kine-

matics. The position of this gap varies in wavelength

across spaxels, affecting the analysis of this spectral fea-

ture. To mitigate this issue, we opted to used the ppxf

method across the full spectral range to derive the stel-

lar kinematics, rather than relying solely on CO bands

region for kinematic tracing.

We used the E-MILES stellar population templates

(Vazdekis et al. 2016), which represents an improvement

over the original MILES templates (Sánchez-Blázquez

et al. 2006) by extending coverage beyond the visible

range. The E-MILES templates combine MILES with
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Figure 1. Left: Composite image of 3C 293 (UGC 8782) from Pan-STARSS data archive (Chambers et al. 2019; Flewelling
et al. 2020) in the y (9633 Å), i (7545 Å), and g (4866 Å) bands. Right: Nuclear spectrum of 3C 293, obtained at the position
of the continuum peak, observed with JWST NIRSpec instrument. The orange lines highlight the ionized emission lines, while
the teal lines indicate the molecular ones. The position of the CO absorption bandheads is also identified.

other empirical libraries, such as Indo-US (Valdes et al.

2004), CaT (Cenarro et al. 2001a,b), and IRTF (Cushing

et al. 2005; Rayner et al. 2009). E-MILES models are

reliable for stars with ages > 30 Myr and has a constant

spectral resolution of σ ≃ 60 km s−1 in the NIR. The

spectral fitting was performed using additive Legendre

polynomials to match the continuum shape, along with

an assumption of a Gaussian LOSVD, and with the clean

parameter enabled to reject outliers.

The ppxf method provides information on the stellar

velocity (v⋆) and velocity dispersion (σ⋆) for each spaxel,
along with their corresponding uncertainties.

2.3. Fitting of the emission-line profiles

The composite image of 3C 293 (UGC 8782), from

Pan-STARSS data archive (Chambers et al. 2019;

Flewelling et al. 2020), is shown along with the observed

spectrum obtained from the JWST/NIRSpec datacube

at the nuclear position, corresponding to the continuum

peak, in Fig. 1. The spectrum exhibit numerous molecu-

lar emission lines (marked in teal), ionized gas emission

lines (marked in orange), the CO absorption bandheads

and other stellar features.

To obtain flux and kinematic information about the

ionized and hot molecular gas in the inner region of

3C 293, we used the Python package ifscube (Ruschel-

Dutra et al. 2021). This package enables us to fit emis-

sion lines by Gaussian functions and model the contin-

uum using a polynomial function for each spaxel in the

data cube. The fitting process begins at the nucleus,

identified by the spaxel with the peak continuum emis-

sion. The best-fit parameters from this spaxel are then

used as initial guesses for the surrounding spaxels, fol-

lowing a looped path through the cube. A fifth-order

polynomial provided the best representation of the con-

tinuum. Additionally, we enable the refit parameter,

which uses the best-fit parameters from spaxels located

within 0.3 arcsec as initial guesses for subsequent fits.

To trace the kinematics of the ionized gas, we selected

two emission lines with high signal-to-noise ratios (S/N):

[Fe ii] 1.64µm, a shock indicator originating from par-

tially ionized regions (Storchi-Bergmann et al. 2009; Rif-

fel et al. 2013a; Hill & Zakamska 2014; Colina et al. 2015;

Motter et al. 2021; Calabrò et al. 2023), and Paα, which

arises from fully ionized gas. For molecular gas kinemat-

ics, we used the H2 2.12µm emission line, as it is one of

the strongest lines in the near-infrared. The H2 emis-

sion line was well-fitted with two Gaussian components,

a narrow one representing disk rotation and a broad one

tracing outflow features. The [Fe ii] and Paα required

three Gaussian components - a narrow disk component,

a broad outflow component, and an additional broader

component representing a faster outflow phase. This is a
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similar procedure as used in Costa-Souza et al. (2024) in

the analysis of the JWST/MIRI observations of 3C 293.

Fig. 2 presents the fit of [Fe ii] 1.64 µm (top), Paα

(middle) and H2 2.12µm (bottom) emission-line profiles

for the nuclear spaxel, performed using the ifscube

Python package. The observed profiles are shown as thin

gray lines. The narrow, broad, and very broad Gaussian

components are represented by orange, dark red, and

teal dashed lines, respectively, while the resulting com-

posite fit is shown in black. No narrow component was

required to fit the [Fe ii] 1.64 µm profile in the nuclear

spaxel, indicating that the broad (potentially associated

with outflows) components dominate at the nuclear re-

gion of the galaxy.

The ifscube code generates a data cube containing

the best-fit parameters, which we then used to map the

flux distribution and kinematics of the emission lines.

3. RESULTS

3.1. Stellar kinematics

Fig. 3 presents the stellar velocity (v⋆) and veloc-

ity dispersion (σ⋆) maps, obtained through the ppxf

method. The spatial scale is shown in the maps, the cen-

tral cross represents the location of the peak of the con-

tinuum emission (hereafter NIR nucleus) and the white

regions correspond to masked locations where the un-

certainties in v⋆ or σ⋆ are larger than 20 km s−1.

The velocity field has been corrected for systemic ve-

locity (Vsys = 13 412 km s−1), determined by fitting the

observed velocity field by a rotation disk model, as will

be discussed later in Sec. 4.2. The resulting map reveals

a well-defined rotation pattern consistent with a disk-

like motion, with blueshifted velocities in the southwest

and redshifted velocities in the northeast, with a pro-

jected velocity amplitude of ∼ 100 km s−1.

The velocity dispersion map presents values in the

range from ∼ 80 km s−1 to ∼ 200 km s−1. The high-

est values are observed close to the peak of the contin-

uum emission, represented as a cross in the map, and to

southeast of it. Notably, we identify a partial ring struc-

ture approximately 1.5 arcsec east of the NIR nucleus,

characterized by the lowest velocity dispersions. This

feature likely traces intermediate-age stellar populations

(0.3 - 0.7 Gyr), similar to those observed in other nearby

active galaxies (e.g Riffel et al. 2010, 2011, 2017; Diniz

et al. 2017). These populations were likely formed as

a result of a merger event that occurred approximately

1 Gyr ago, triggering a burst of star formation (Evans

et al. 1999). Indeed, this galaxy shows important frac-

tions of intermediate-age stellar populations (Riffel et

al., in preparation).
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Figure 2. Examples of fits of the [Fe ii] 1.64 µm (top), Paα
(middle) and H2 2.12µm (bottom) emission-line profiles for
the nuclear spaxel. The observed profiles are shown as thin
gray lines and the best-fit models are shown in black. The
narrow component is represented by dashed orange lines, the
broad component by dashed dark red lines, and the very
broad component by a dashed teal line.

3.2. Gas emission and kinematics

In Fig. 4, we present the flux and kinematic maps for

the H2 2.12µm emission line. The first row displays the

flux, velocity, and velocity dispersion (σ) for the narrow

component, attributed to the disk emission. The second

row presents the measurements for the broad compo-

nent, associated with the outflow. Only measurements

where the amplitude of the corresponding emission-line

component exceeds three times the standard deviation of
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Figure 3. The top panel displays the stellar velocity field
(in units of km s−1) corrected for systemic velocity, while the
bottom panel shows the stellar velocity dispersion (in units
of km s−1), corrected for instrumental broadening. All pan-
els are oriented with north up and east to the left. The cross
indicates the location of the NIR nucleus, which corresponds
to the peak of the continuum emission. Regions with uncer-
tainties larger than 20 km s−1 are masked.

the nearby continuum are included. The central crosses

show the position of the NIR nucleus. The σ maps are

corrected for the instrumental broadening and the ve-

locity fields are shown relative to the systemic velocity

of the galaxy.

The flux distribution of the narrow component of

H2 2.12µm emission line extends across the entire NIR-

Spec field of view, with the emission peaking at the NIR

nucleus and exhibiting an elongated structure along the

northeast-southwest direction, aligned with the galaxy’s

major axis (PA = 50◦; Skrutskie et al. 2006). Its ve-

locity field exhibits a rotating disk pattern, similar to

that observed for the stars, though somewhat more dis-

turbed and with a higher projected velocity amplitude

of ∼ 200 km s−1. The σ map presents overall low values,

typically smaller than 100 km s−1, with a mean value of

σ ≃ 80 km s−1. The broad outflow component is de-

tected within an inner radius of 1 arcsec, exhibiting a

roughly round flux distribution. It is blueshifted relative

to the narrow component, with velocities reaching up

to ∼ 300 km s−1. The mean velocity dispersion is σ ≃
240 km s−1, with the highest value of σ ≃ 360 km s−1

observed at the nucleus. Thus, the broad component

represents the hot molecular phase of the outflows pre-

viously reported in the warm molecular (Costa-Souza

et al. 2024) and ionized gas (Emonts et al. 2005; Riffel

et al. 2023a).

In Fig. 5, we present the flux distribution and kine-

matics of each component of the [Fe ii] 1.64µm emission

line, using the same approach applied in Fig. 4. Simi-

larly to the [Ar ii] 6.99µm emission in the mid-infrared

observed with MIRI (Costa-Souza et al. 2024), the [Fe ii]

and Paα display three kinematic components. In addi-

tion to the disk and outflow components (shown in the

first and second rows, respectively) seen in the other

emission lines, a “very broad” component is also ob-

served (shown in the third row), tracing a more tur-

bulent phase of the ionized outflow. The flux map of

the narrow [Fe ii] component shows a distribution sim-

ilar to that of H2, elongated along the galaxy’s ma-

jor axis. However, the narrow [Fe ii] component is not

detected at the nucleus and north of it, in a region

co-spatial with a strong dust lane seen in optical im-

ages (Floyd et al. 2006, see also Fig. 7). The rotation

pattern is also evident in the [Fe ii] velocity field, al-

though it appears somewhat more disturbed, particu-

larly in the region close to the nucleus. Finally, the

corresponding σ map shows values higher than those

observed for the narrow H2 component, but remains rel-

atively low overall, with a mean value of σ ≃ 100 km s−1.

As for the H2, the broad [Fe ii] component also ex-

hibits a roughly round flux distribution, but with higher

blueshifted velocities and larger velocity dispersion val-

ues, having a mean σ ≃ 240 km s−1. Additionally, the

[Fe ii] very broad component – interpreted as originating
from a faster outflow – exhibits a flux distribution that

is more concentrated toward the nucleus. It is charac-

terized by predominantly redshifted velocities and sig-

nificantly higher velocity dispersion values, with a mean

of σ ≃ 620 km s−1. These characteristics suggests that

the [Fe ii] emission traces a more disturbed phase of the

outflow compared to the hot molecular phase, consistent

with its origin in partially ionized zones.

In Fig. 6, we also present the flux distribution and

kinematics for each component of the Paα emission line,

a tracer of fully ionized gas zones. The 120–168 MHz

radio continuum emission from Kukreti et al. (2022) is

overlaid in green in all panels. The flux distribution for

the disk component presents emission elongated along

the galaxy’s major axis, but with emission knots, likely

associated with star-forming regions. The velocity field
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Figure 4. The top row shows the flux distribution (in units of erg s−1cm−2, logarithmic scale), velocity (in units of km s−1),
and velocity dispersion (in units of km s−1) for the narrow component of the H2 2.12µm emission line. The second row displays
the same maps for the broad component. The measurements are restricted to areas with at least 3σ detections above the
continuum noise. The cross marks the nucleus, corresponding to the position of the continuum emission peak.

of the narrow component presents a well-ordered rota-

tion pattern consistent with gas motion in the plane of

the disk, exhibiting overall low velocity dispersion val-

ues with a mean of σ ≃ 80 km s−1. The broad outflowing

component is co-spatial with the western radio jet core

and exhibits similar properties to those observed in other

emission lines, with a mean velocity of ∼ −120 km s−1

and a mean velocity dispersion of σ ≃ 270 km s−1. The

very broad component, also co-spatial with the radio

core, shows a flux concentration near the nucleus, but

exhibits lower velocities and significantly higher velocity

dispersion compared to the other components. Its ve-

locity is close to zero, while the velocity dispersion has a

mean value of σ ≃ 700 km s−1, similarly to values seen in

[Ar ii] 6.99µm using JWST MIRI data and denominated

as “fast ionized outflows” (Costa-Souza et al. 2024).

In summary, our NIRSpec observations reveal three

kinematic components of the ionized gas in 3C 293: one

dominated by gas motions within the galaxy’s disk and

two associated with outflows, previously identified at

other wavelengths and in different gas phases. In the

next section, we determine the properties of the disk

and outflows, as well as discuss dust attenuation using

the flux distributions observed for each component.

4. DISCUSSION

3C 293 is a complex system that has undergone a

merger event, during which large amounts of gas were

accreted and are now likely the AGN fuel (e.g. Floyd

et al. 2006). It is one of the galaxies with the strongest

H2 emission in the local Universe (e.g. Ogle et al. 2010)

and features a restarted radio jet (e.g. Akujor et al. 1996;

Beswick et al. 2002) alongside a complex dust struc-

ture, including prominent dust lanes in the central re-

gion (e.g. Floyd et al. 2006). The optical and infrared

nuclei are offset, likely due to the presence of dust that

obscures the nucleus in optical observations (e.g. Costa-

Souza et al. 2024). Outflows of ionized (Emonts et al.

2005; Mahony et al. 2016; Riffel et al. 2023a), warm

molecular (Costa-Souza et al. 2024), and neutral (Mor-

ganti et al. 2003; Mahony et al. 2013) gas have been re-

ported, although no outflows have been detected in cold

molecular gas (Evans et al. 1999; Labiano et al. 2014).

Despite this, the galaxy harbors significant amounts of

molecular gas in its central region (2.2×1010 M⊙; Labi-

ano et al. 2014), rotating within the plane of the disk.

These characteristics make 3C 293 an excellent labora-

tory for studying the interplay between the AGN and

the interstellar medium.
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Figure 5. Same as Fig. 4, but for the [Fe ii]1.64µm emission line. In addition, the third row shows the corresponding maps for
the very broad component.

4.1. Gas extinction

The galaxy 3C 293 exhibits a complex dust morphol-

ogy, characterized by five interlaced dust lanes extend-

ing over a scale of approximately 10 kpc. This struc-

ture likely results from the merger event that occurred

around 1Gyr ago, as the dust orbits have not yet fully

settled (de Koff et al. 2000; Ogle et al. 2010). To study

the spatial distribution of extinction in 3C 293, we de-

rived the visual extinction (AV ) using the Brβ/Paα

emission line ratio for each of the three kinematic com-

ponents. The AV is given by

AV =
−2.5

qBrβ − qPaα
log

[
(FBrβ/FPaα)obs
(FBrβ/FPaα)e

]
, (1)

where (FBrβ/FPaα)obs is the observed flux ratio, and

(FBrβ/FPaα)e = 0.13 is the emitted flux ratio, given

by the theoretical intensity line ratio, assuming Case

B H i recombination in the low-density limit for an elec-

tron temperature of Te = 104 K (Osterbrock & Ferland

2006). The parameters qBrβ = 0.074 and qPaα = 0.133

are obtained from the G23 extinction law (Gordon et al.

2023), adopting Rv = 3.1. Replacing these values in the

equation above, we obtain

AV ≃ 42 log

[
(FBrβ/FPaα)obs

0.13

]
. (2)

Fig. 7 displays an archival Hubble Space Telescope

(HST) image obtained with the Wide Field and Plane-

tary Camera 2 (WFPC2) using the F702W filter. These
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Figure 6. Same as Fig. 4, but for Paα. In addition, the third row shows the corresponding maps for the very broad component.
The green contours are from the 120–168 MHz radio continuum emission from Kukreti et al. (2022)

observations were previously discussed in Floyd et al.

(2006), and the F702W image highlights the prominent

dust lanes observed in 3C 293. The white rectangle de-

lineates the NIRSpec Field of View (FoV). The remain-

ing panels show the extinction maps derived from the

observed line ratio between FBrβ and FPaα in the V

band for the narrow (disk), broad (outflow), and very

broad (fast outflow) components, from right to left. The

red cross in each panel marks the NIR nucleus, identi-

fied as the peak of the NIR continuum, while the blue

‘X’ denotes the position of the peak of the optical con-

tinuum. The green asterisk (*) represents the position

of the kinematical center, as determined by fitting the

stellar velocity field by a rotating disk model, which is

presented in Sec. 4.2.

Notably, the maps for all components exhibit very

high extinction values, with mean values of AV ≃ 19

for the disk component, AV ≃ 27 for the outflow com-

ponent, and AV ≃ 7 for the fast outflow component.

The highest extinction value is observed for the outflow

component, reaching up to AV ≈ 35, while the highest

extinction values for the disk component are co-spatial

with the dust lanes near the nucleus, consistent with the

structure visible in the HST image (first panel). Such

very high extinction values are also observed for other

AGN hosts.

For instance, Ogle et al. (2025) also reported high

AV values in Cygnus A, based on JWST NIRSpec ob-

servations, confirming previous measurements by Rif-

fel (2021) using the Gemini Near-infrared Integral Field
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Figure 7. The first panel displays an HST (F702W) image taken with the Wide Field and Planetary Camera 2 (WFPC2),
where the white rectangle marks the NIRSpec Field of View (FoV). The second, third, and fourth panels show extinction maps
derived from the line ratio between Brβ/Paα, corresponding to the narrow, broad, and very broad components, respectively.
The red cross in each panel indicates the position of the nucleus, given by the peak of the continuum in the NIR, while the
blue ’X’ denotes the peak of the optical continuum. The green asterisk (*) represents the center of mass, as determined by the
rotating disk model. Notably, the regions with the highest AV values coincides with the locations of the dust lanes shown in
the first panel.

Spectrograph. In that case, a correlation was found be-

tween regions of highest AV and H2 knots, with extinc-

tion reaching 25 mag in these regions. In fact, dust plays

a crucial role in the formation of H2, acting as a cata-

lyst by providing surfaces for hydrogen atoms to interact

and combine (Wakelam et al. 2017; Grieco et al. 2023).

Other notable example of high extinction is Arp 220

with AV values of up to 14 mag, as derived from NIR-

Spec observations (Ulivi et al. 2025). This highlights

the power of infrared observations in probing deeper into

the dusty circumnuclear regions of AGN hosts, revealing

dusty multiphase outflows.

4.2. Disk properties

To determine the disk properties and identify non-

rotational motions in the galaxy (e.g., outflows or in-

flows), we fitted the stellar and molecular gas velocity

fields by a rotating disk model based on Bertola et al.

(1991). This kinematic modeling was implemented using

the Python package ifscube. The model is described by

V = Vsys (3)

+
AR cos(Ψ) sin(θ) cosp(θ)

{R2[sin2(Ψ) + cos2(θ) cos2(Ψ)] + C0 cos2(θ)}p/2
,

where Vsys represents the systemic velocity of the galaxy,

A corresponds to the amplitude of the rotational veloc-

ity, R denotes the radial distance of each pixel from

the rotation center, and Ψ = ψ − ψ0, with ψ0 being

the positional angle of each spaxel, defining the orienta-

tion of the line of nodes. The inclination of the disk is

given by θ. The parameter p controls the slope of the

rotation curve, ranging from an asymptotically flat ro-

tation curve (p = 1) to a system that has a finite mass

(p = 3/2). Finally, C0 is the concentration parameter

that adjusts the spatial scale of the velocity field.

We fitted the stellar velocity field using this model

to determine both the disk parameters and the galaxy’s

systemic velocity, since stars are influenced solely by the

gravitational potential and are unaffected by external

perturbations (e.g., outflows). We also fitted the hot

molecular gas disk, traced by the narrow component of

the H2 2.12µm emission line, in order to determine disk

parameters and identify possible non-circular motions.

In our stellar disk model, we treated the rotation cen-

ter coordinates (x0, y0) as free parameters to determine

the optimal dynamical center. The derived position is

offset by approximately 0.2 arcsec north and 0.4 arcsec

east relative to the NIR nucleus. We similarly allowed

the remaining kinematic parameters to vary freely, ob-

taining the following values: Vsys = 13 412± 15 km s−1,

ψ0 = 46◦ ± 7◦, θ = 53◦ ± 6◦, and C0 = 1.4 ± 0.1

arcsec. The p parameter was allowed to vary between

1.0 and 1.5, with the best fit converging to p = 1.5.

Fig. 8 presents the observed velocity field (left), the

best-fit model (V⋆,model; middle), and the residual map

(V⋆−V⋆,model; right). The kinematic center derived from

the stellar model is marked by a gray asterisk (*), the

NIR nucleus by a red cross, and the optical nucleus

by a blue ‘X’. The residual map present small values

(≲ 20km s−1) over all locations, indicating that the stel-

lar kinematics are well described by pure rotation. The

dashed line in each panel indicates the orientation of the

line of nodes. The ψ0 value is consistent with the kine-

matic and photometric position angles of the galaxy’s

major axis derived from optical integral field unit obser-

vations of the inner 3.4×4.9 kpc2 of 3C 293 (Riffel et al.

2023a), as well as with the orientation of its large-scale

disk, of ∼ 50◦ (Skrutskie et al. 2006).
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Figure 8. The left panel displays the observed stellar velocity field, while the middle panel presents the best-fit rotating disk
model and the right panel shows the corresponding residual map (observed - model). The dashed line indicates the orientation
of the line of nodes. The kinematic center is indicated by a gray asterisk (*), while the red cross indicates the NIR nucleus, and
the blue ‘X’ shows the position of the optical nucleus.
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Figure 9. Same as Fig. 8, but for the H2 2.1218 µm emission line. The arrows highlight two high-velocity residuals tracing
inflowing gas.

Previous studies have reported spatial offsets between

the optical nucleus and the radio core in 3C 293 (e.g.,

Emonts et al. 2005; Mahony et al. 2016). Furthermore,

Costa-Souza et al. (2024) identified a shift of approxi-

mately 0.6 arcsec between the position of the peak of

the mid-infrared continuum, observed with with MIRI

(coincident with the radio core) and the optical nucleus

from Riffel et al. (2023b). This difference was attributed

to higher dust attenuation in the optical data, as sup-

ported by the high extinction we find with NIRSpec

(Fig. 7). In addition, we find that the galaxy’s kine-

matic center is offset from both the optical and infrared

nuclei. These discrepancies are likely a consequence of

the merger event experienced by the galaxy (Floyd et al.

2006).

Following Diniz et al. (2015), we also modeled the

molecular gas disk by fixing the parameters Vsys, θ, p,

and the position of the kinematic center to the values

obtained from the stellar velocity model. The remain-

ing parameters were allowed to vary freely. This ap-

proach enables the determination of the maximum rota-

tion velocity, which is generally higher for the gas than

for the stars, as the gas is typically confined to a thin

disk, whereas the stars exhibit greater velocity disper-

sion. In this case, we derived the following best-fit val-

ues: ψ0 = 58◦ ± 6◦ and C0 = 0.8 ± 0.1 arcsec. Fig. 9

shows the rotating disk model for the molecular gas,

along with the observed velocity field and the residual

map. The residual map shows higher values than those

observed for the stars, reaching up to 130 km s−1. The

largest residuals are mainly observed to the north in

redshifts and to the south of the nucleus in blueshifts,

approximately co-spatial with the dust lanes seen in the

HST image (Fig. 7).
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4.3. Molecular gas inflows

The eastern side of the radio jet in 3C 293 is approach-

ing us (e.g. Beswick et al. 2004), and a higher dust ob-

scuration is observed in the northwestern side of the

galaxy (Floyd et al. 2006; Labiano et al. 2014; Riffel

et al. 2023a); together, these observations indicate that

the northwest is the near side of the galaxy’s disk, and

the southeast is the far side. The residual velocity map

for the molecular gas (third panel of Fig. 9) shows red-

shift excesses on the near side and blueshift excesses

on the far side of the disk, associated with dust struc-

tures. Assuming the gas lies in the plane of the disk,

these residuals can be interpreted as streaming motions

toward the nucleus of 3C 293. Similar inflows of molec-

ular and low-ionization gas associated with dust spiral

arms on scales of hundreds of parsecs have been reported

in other nearby galaxies (e.g., Fathi et al. 2006; Storchi-

Bergmann et al. 2007; Riffel et al. 2008, 2013b; Schnorr-

Müller et al. 2014; Davies et al. 2009, 2014). Dust may

trace shocks in the gas that cause a loss of angular mo-

mentum and consequent inflow toward the nucleus, feed-

ing the AGN (Brum et al. 2017), or it may facilitate

or enhance this inflow process, indicating that nuclear

spiral arms represent possible fueling channels for the

central SMBH and AGN triggering (Davies et al. 2014).

To estimate the inflow rate, we follow the approach

of Riffel et al. (2008), assuming that the inflowing gas

passes through a circular cross-section of radius r. The

inflow rate is then given by

Ṁin = 2mpNH2
vπr2narms (4)

where mp is the proton mass, NH2 is the molecular hy-

drogen density, and v = vobs/ sin θ is the inflow velocity

in the plane of the galaxy. Here, vobs is the observed

velocity, and θ is the inclination angle of the disk, as de-

termined from the rotation disk model. The parameter

narms represents the number of spiral arms contributing

to the inflow. In our case, we use narms = 2, representing

the two high velocity residuals indicating by the arrows

in Fig. 9. The cross-section radius is assumed to be half

the width of the spiral arms, i.e, r ≈ 0.3 arcsec.

To estimate the density NH2 , we first derive the H2

gas mass in the disk, obtained under the assumption of

local thermal equilibrium and an excitation temperature

of 2000 K, using the following expression from Scoville

et al. (1982) and Riffel et al. (2008)

(
MH2

M⊙

)
= 5.0776× 1013

(
FH2 2.12

erg s−1cm−2

)(
D

Mpc

)2

,

(5)

where FH22.12 is the extinction-corrected flux of the nar-

row H2 component, and D is the distance to the galaxy.

Then, we estimate NH2
by

NH2 =
MH2

2mpπr2dh
, (6)

where h is the height of the disk and rd is the radius of

the disk.

Adopting rd ≈ 1.5 arcsec ≈ 1.5 kpc, a region that en-

compasses most of the H2 emission, we obtain FH22.12 =

1.11 × 10−14 erg s−1, resulting in MH2 = 2.3 × 104 M⊙.

Then, using the inclination angle θ = 53◦ determined

by our rotational model (Sec. 4.2), we convert our ob-

served velocity vobs ≈ 100 km s−1 (from Fig. 9) to an

intrinsic inflow velocity v = 100/ sin(53◦) ≈ 125 km s−1.

Combining this with the typical molecular disk height

for active galaxies h = 30 pc (e.g. Hicks et al. 2009), the

estimated mass-inflow rate is Ṁin ≈ 8× 10−3 M⊙ yr−1.

This value is among the highest observed for warm

molecular gas in nearby galaxies (e.g., Riffel et al. 2008,

2013b; Diniz et al. 2015), yet it is significantly lower

than the values observed for low-ionization and cold

molecular gas, which range from 10−2 to 101 M⊙ yr−1

(e.g. Storchi-Bergmann et al. 2007; Müller Sánchez et al.

2009; Combes et al. 2014; Audibert et al. 2019, 2021;

Hauschild Roier et al. 2022). This aligns with the un-

derstanding that hot molecular gas constitutes merely

a thin, heated layer of the much larger cold gas reser-

voir at the centers of galaxies (Dale et al. 2005; Müller

Sánchez et al. 2006; Mazzalay et al. 2013).

To assess whether this inflow is sufficient to power the

AGN, we estimate the SMBH mass accretion rate using

ṁacc = Lbol/(ηc
2), where Lbol is the bolometric lumi-

nosity, c is the speed of light, and η is the radiative

efficiency of the accretion process. Adopting a bolomet-

ric luminosity range of Lbol = (2.5− 7.5)× 1043 erg s−1

(Riffel et al. 2023a), and a typical efficiency of η = 0.1,

we obtain an accretion rate range of ṁacc = (4.4 −
12.6) × 10−3 M⊙ yr−1. This indicates that the inflow

of hot molecular gas alone is enough to fuel the SMBH

in 3C 293.

4.4. Outflow properties

We estimate the masses of hot molecular and ionized

gas from the observed fluxes of the H2 2.12µm and Paα

emission lines, considering the outflow components. The

mass of hot molecular gas is obtained using Eq. 5, while

the mass of ionized gas (MH II) is given by

(
MH II

M⊙

)
= 2.3×1018

(
FPaα

erg s−1cm−2

)(
D

Mpc

)2 (
Ne

cm−3

)−1

(7)

where FPaα is the extinction-corrected flux of the Paα

emission line, and Ne is the electron density, for which
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Figure 10. The top panel displays the radial distribution
of the mass outflow rate, measured within radial bins of 0.3
arcsec width, shown on a logarithmic scale. Teal dots rep-
resent the hot molecular outflow, orange dots correspond to
the outflow traced by the broad component of the Paα emis-
sion line, and purple dots represent the fast outflow from
the very broad component. The bottom panel presents the
corresponding radial distributions of the kinetic power of the
outflows.

we adopt a value of 1000 cm−3, following previous stud-

ies (e.g Riffel et al. 2023a; Costa-Souza et al. 2024).

We derive a hot molecular gas outflow mass of MH2
=

(1.35 ± 0.004) × 105 M⊙, while for the ionized gas, we

find masses of MH II,b = (3.34 ± 0.02) × 106 M⊙ and

MH II,vb = (6.46 ± 0.5)×105 M⊙ for the broad and very

broad components, respectively.

We estimate the mass-outflow rate (Ṁ) and the kine-

matic power (K̇) of the molecular and ionized outflow

assuming a shell-like geometry, with width ∆R = 0.3

arcsec, in alignment with the methodology adopted in

Riffel et al. (2023a) and Costa-Souza et al. (2024) for

the ionized and warm molecular gas. These quantities

are obtained using the following expressions

Ṁ =
Mout,∆RVout,∆R

∆R
, (8)

K̇ =
Mout,∆R(Vout,∆R)

3

2∆R
, (9)

where Mout,∆R is the mass of the outflowing gas within

each shell, and Vout,∆R is the outflow velocity, defined

by

Vout,∆R = |⟨Vbroad⟩∆R|+ 2⟨σbroad⟩∆R, (10)

with ⟨Vbroad⟩∆R representing the mean velocity of the

outflow in each shell, and ⟨σbroad⟩∆R its mean velocity

dispersion within each shell.

We applied this procedure to calculate the Ṁ and K̇

for both the molecular and ionized outflows. Fig. 10

presents the results of each shell for the mass-outflow

rate and the kinetic power, in the top and in the bot-

tom panel, respectively. The highest values of Ṁ and

K̇ are observed in the ionized gas, traced by the broad

component of the Paα emission line. The mass-outflow

rate reaches a peak of 4.5 ± 1.03 M⊙ yr−1, while the

kinetic power peaks at 8.9 × 1041 erg s−1. In compari-

son, the very broad Paα (fast outflow) component shows

peak values of 1.2± 0.41 M⊙ yr−1 for the mass-outflow

rate and 8.42 × 1041 erg s−1 for the kinetic power. For

the molecular outflow, the maximum mass-outflow rate

is 0.14 ± 0.03 M⊙ yr−1, with a corresponding kinetic

power of 2.96× 1040 erg s−1.

The hot molecular and ionized gas mass-outflow rates

can be compared with previous estimates for 3C 293.

Costa-Souza et al. (2024), using JWST/MIRI obser-

vations, estimated a mass outflow rate of 4.90± 2.04

M⊙ yr−1 for the warm (198 K ≤ T ≤ 1000 K) molec-

ular gas, and 1.22± 0.21 M⊙ yr−1 for the hot (1000 K

≤ T ≤ 5000 K) molecular gas, while Riffel et al. (2023a)

reported an ionized gas mass outflow rate of 0.5± 0.1

M⊙ yr−1. The mass outflow rate obtained for the ion-

ized gas here is about one order of magnitude higher

than that reported by Riffel et al. (2023a) using opti-

cal observations, which may be attributed to the lower

extinction in the near infrared, allowing the detection

of outflows in denser regions obscured by dust. On the

other hand, the hot molecular outflow rate estimated

here is about one order of magnitude lower than the

value obtained by Costa-Souza et al. (2024) using mid-

infrared H2 emission lines. This difference could also be

related to the lower interstellar extinction in the mid-

infrared compared to the near-infrared. However, it may

also arise from the contribution of lower-temperature

gas, as Costa-Souza et al. (2024) integrated the outflow

mass for temperatures starting at 1000 K, whereas we

used a temperature of 2000 K to estimate the mass.

The outflows from an AGN can be driven either by ra-

diation fields – referred to as radiative or wind mode – or

by relativistic jets – what is known as kinematic or jet

mode feedback (Fabian 2012). In the radiative mode,

the matter accreted onto the SMBH converts gravita-
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tional potential energy into electromagnetic radiation

and kinetic energy, in part through the ejection of parti-

cles in the form of winds. These radiatively driven winds

primarily couple to the hot, diffuse ISM, requiring only

about 0.5% of the AGNs bolometric luminosity to regu-

late star formation (Hopkins & Elvis 2010). This initial

coupling allows the outflow to interact with cold molec-

ular clouds, being capable of suppress star formation

on galactic scales. In the kinetic mode, on the other

hand, relativistic jets launched from the AGN propa-

gate through the ISM and couple with the dense gas.

Numerical simulations suggest that up to 20% of the

jet’s kinetic power can be transferred to the surround-

ing medium (Wagner et al. 2012; Mukherjee et al. 2016).

On small scales (≲ 1 kpc), the interaction between the

jet and the ISM can produce ram-pressure shocks and

even form cavities (Dugan et al. 2017; Mandal et al.

2021). Observational studies have widely reported jet-

ISM interactions as key mechanisms behind AGN-driven

feedback (e.g Morganti et al. 2015; Nesvadba et al. 2017;

Audibert et al. 2023; Duncan et al. 2023). Simulations

exploring radiative, kinetic, and hybrid AGN feedback

suggest that the presence of jets plays a dominant role in

the suppression of star formation, with jet-coupling effi-

ciencies as low as 1% being sufficient to suppress stellar

activity in the host galaxy (Huško et al. 2024).

Assuming a radiatively driven outflow, we estimated

the maximum kinetic coupling efficiency (ϵ) as the ratio

between the maximum K̇ and the AGN bolometric lu-

minosity, given by Lbol = (2.5−7.5)×1043erg s−1 (Riffel

et al. 2023a). For the ionized gas, traced by the broad

and very broad components of the Paα emission line we

obtained ϵ values of (1.24 − 3.6)% and (1.17 − 3.37)%,

respectively, consistent with previous estimates by Rif-

fel et al. (2023a) and Costa-Souza et al. (2024). These

estimates exceed the minimum thresholds suggested by

cosmological simulations for AGN feedback to effectively

transfer energy to the ISM and regulate star formation

(e.g Hopkins & Elvis 2010; Harrison et al. 2018).

Although these results indicate that radiative feed-

back is energetically capable of affecting the ISM, sev-

eral studies point to the radio jet as the dominant mech-

anism driving the outflow in the 3C 293 (Mahony et al.

2013; Lanz et al. 2015; Mahony et al. 2016; Riffel et al.

2023a; Costa-Souza et al. 2024; Riffel et al. 2025). To

quantify the efficiency of coupling of the jet-driven out-

flow, we calculate the ratio between the maximum K̇ of

the outflow and the jet power, which is estimated to be

(2–4) × 1043 erg s−1 based on the 151 MHz radio lumi-

nosity and the spatial extent of the radio lobes. Consid-

ering both broad components of the Paα emission line,

we find coupling efficiencies of (2.2 - 4.5)% for the broad

component, and (2.1 - 4.2)% for the very broad one.

These values are within the range predicted by jet-ISM

interaction models (e.g Wagner & Bicknell 2011; Cielo

et al. 2014; Talbot et al. 2022; Huško et al. 2024), indi-

cating that the jet-driven outflows are powerful enough

to affect the star formation in the host galaxy.

5. CONCLUSIONS

We used integral field spectroscopy with the JWST

NIRSpec instrument, covering the spectral range from

∼ 1.6 to ∼ 3.0 µm, to map the stellar kinematics, emis-

sion structure and kinematics of hot molecular (using

the H2 2.12µm emission line) and ionized gas (traced

by the [Fe ii] 1.64µm and Paα emission lines), and gas

extinction in the central ∼ 3×3 kpc2 of the radio galaxy

3C 293, with a spatial resolution of ∼ 130 pc. Our main

findings are as follows:

• The stellar velocity field exhibits a well defined

rotation pattern, with the line of nodes aligned

at ψ0 = 46◦ ± 7◦, consistent with the orienta-

tion of the large scale disk. The kinematic cen-

ter is shifted by about ∼ 0.5 arcsec from the

near-infrared emission peak, potentially as a re-

sult of a recent merger event. The stellar velocity

dispersion map predominantly shows low values

(σ ≲ 100 km s−1) in the eastern region, likely as-

sociated with an intermediate-age stellar popula-

tion, while higher values (up to 180 km s−1) are

observed at the nucleus and to the south-west, at-

tributed to bulge stars.

• The ionized gas exhibits three main kinematic

components: one associated with disk emission

and two produced by outflows, identified as narrow

(σ ∼ 100 km s−1 ), broad (σ ∼ 250 km s−1), and

very broad (σ ∼ 640 km s−1) emission line compo-

nents. For the hot molecular gas, only two compo-

nents are observed: one resulting from the motions

of the gas in the disk and another associated with

outflows.

• Similarly to the stars, the H2 velocity field is

overall well reproduced by a rotation disk model.

However, the analysis of the residual map reveals

systematic redshifted residuals on the northwest

side of the galaxy and blueshifted residuals on the

southeast side, corresponding to the near and far

sides of the disk, respectively. These residuals are

co-spatial with dust lanes observed in HST images

and are interpreted as inflows toward the center.

We estimate a mass-inflow rate in hot molecular

gas of Ṁin ≈ 8 × 10−3 M⊙yr
−1, which is enough
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to sustain the AGN of 3C 293 at its current lumi-

nosity.

• Using the observed Paα emission and kinematics

for the outflowing components, we estimate an ion-

ized gas mass outflow rate of 4.5±1.03 M⊙ yr−1 us-

ing the broad component, and 1.2± 0.41 M⊙ yr−1

for the very broad component. The outflow rate

in hot molecular gas is much lower, of 0.14 ±
0.03 M⊙ yr−1, consistent with the fact that the

hot molecular gas represents only a hot skin of the

total molecular gas in the central region of galax-

ies.

• The outflows in 3C 293 are likely driven by the

interaction between the radio jet and the inter-

stellar medium, as they are co-spatial with the ra-

dio core and exhibit kinetic powers approximately

one order of magnitude lower than the jet power.

The maximum kinetic coupling efficiency of the

jet-driven ionized outflow is around 4.5%, which

exceeds the thresholds predicted by simulations for

AGN feedback to effectively suppress star forma-

tion, under the assumption that the outflows are

jet-driven.

• The gas emission is highly attenuated by dust, as

indicated by the observed Brβ/Paα line ratio. The

highest extinction, with values of up to AV ≈ 35,

is observed for the outflow component. The ex-

tinction map for the disk component present the

highest values in regions co-spatial with the strong

dust lanes seen in HST images. This high dust

attenuation can explain the offset between the op-

tical and infrared nucleus of 3C 293.

In summary, our results provide new evidence of

multi-phase outflows from the nucleus of 3C 293. In

addition, we identified streaming motions towards the

nucleus, which may result in a gas reservoir to feed

the central AGN. This work highlights the power of

JWST/NIRSpec high-sensitivity observations to study

highly obscured systems, providing access to the dustier

and denser gas phases, which are essential for improv-

ing our understanding of AGN feeding and feedback pro-

cesses. In future work, we will focus on investigating the

origin of H2 and ionized gas emission in 3C 293, as well

as their relationship with the radio jet and outflows.

ACKNOWLEDGMENTS

MSZM acknowledges financial support from Coor-

denação de Aperfeiçoamento de Pessoal de Nı́vel Su-

perior (CAPES; Finance Code 001). RAR acknowl-

edges the support from Conselho Nacional de De-

senvolvimento Cient́ıfico e Tecnológico (CNPq; Proj.

303450/2022-3, 403398/2023-1, & 441722/2023-7) and

CAPES (Proj. 88887.894973/2023-00). GLSO and

HCPS thank the financial support from CAPES (Fi-

nance Code 001) and CNPq. N.L.Z. is supported

in part by NASA through STScI grant JWST-ERS-

01928. MB thanks the financial support from the IAU-

Gruber foundation fellowship. TSB acknowledges finan-

cial support from CNPq (Projs. 425966/2016-0 and

303450/2022-3) and Fundação de amparo à pesquisa
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2023, A&A, 671, L12, doi: 10.1051/0004-6361/202345964

https://doi.org/10.17909/tazj-hp44
https://doi.org/10.17909/tazj-hp44
http://doi.org/10.1093/mnras/278.1.1
http://doi.org/10.1051/0004-6361/201322068
http://doi.org/10.3847/1538-3881/aabc4f
http://doi.org/10.1051/0004-6361/201935845
http://doi.org/10.1051/0004-6361/202039886
http://doi.org/10.1051/0004-6361/202345964


16

Bertola, F., Bettoni, D., Danziger, J., et al. 1991, ApJ, 373,

369, doi: 10.1086/170058

Beswick, R. J., Peck, A. B., Taylor, G. B., & Giovannini, G.

2004, MNRAS, 352, 49,

doi: 10.1111/j.1365-2966.2004.07892.x

Beswick, R. J., Pedlar, A., & Holloway, A. J. 2002,

MNRAS, 329, 620, doi: 10.1046/j.1365-8711.2002.05024.x

Bianchin, M., Riffel, R. A., Storchi-Bergmann, T., et al.

2022, MNRAS, 510, 639–657,

doi: 10.1093/mnras/stab3468
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